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SUMMARY 


as - Objectives 


1. To estinate (senses): the beta-dose delivery - to "homer 
‘skin fron land-surface~burst fallout particles,” ‘individually and 
. collectively i tomatic on the skin. 


2. To compare the computed beta doses with established sicin- 
damage criteria; from this, to determine conditions under which 
qnenge ‘to the skin is expected. 


3. To investigate the effect cf radionuclide fractionation 
of ‘fission-product | inventory on beta-dose delivery. 


ie 4. Po eesene out: sample calculations of gamma-dose ieligesy 
fo the skin from the sane Daerecute re seat eee. sources. 


Bei Secaupeies . 


Ll. The npoharisn of Piseiouepeodust absorption in fallout- 
particle: material is diffusion controlled. 


ae Radioactive fallout contains 101? equivalent fissions 
per cubic centimeter. 


3. Particle-size distribution in fallout is log-normal. 


A. Formation of a skin lesion one millimeter in diameter 
constitutes the threshold for local damage to the skin. 


C. Findings 


I. By use of the Beta Transmiesion, Degradation and Dissi- 
_. pation Model, expected beta doses from single fallout particles 


Sel 


Cl “Einaings (Continue) 


wens ¢ a hates for Garanetris values of ta) partiéle size, (») 
‘ekin-exposure periods and (c) time delays between ‘detonation 
and | deposition on. the skin. 


2. ‘No single perticle ia ‘expected ‘to cause gin aanage ie 
fallout deposits « on the skin later than three hours post-detona~ 
mace 


: 3. Fractionation causes a decraase in dose delivery by. as 
much as.a factor of two. ~ 


io Gama dose. constitutes only a small fraction of the | . 
total dose delivery from ‘smaller particles. The gemma-to-beta 
dose ratio eat with particle size. 


5. Estimates of expected: Aoses from mil tiparticle fallout 
‘deposits were obtained based on both piane-source and particulate- 
source models. Doses comprted by the latter model are strongly - 
dependent on fallout-particle-size distributior. 


6. The models developed in the course of this study can 
be profitably applied to answer important questions pertaining 
to gamma/beta dose relationships, human vulnerability and cattle/ 
sheep casualty assessments in the post-attack era. — 


Absorbed beta-radiation dose expected from fallout parti- 
cles deposited on the skin was estimated by use of the Beta 
Transmission, Degradation end Dissipation (TDD) model and a Con= 
densed-State Diffusion-Controlled model that describes the 
mechanism of fissicn-product absorption in fallout. A fission 
density of 10°? fissions per cubic centimeter of fallout meter- 
ial was assumed. Comparison of computed doses with the most re- 
cent experinental data relative to skin response to beta-energy 
deposition leads to the conclusion that even for fallout arrival 
times as early as 10° seconds (16.7 minutes post-detonation), no 
skir ulceration is expected from single particles 500 micron or 
less in diameter. 


Doses were estimated for a limited number of particulate 
sources conteining fractionated fission-product mixtures. Re- 
sults indicate that extreme fractionation would cut down the 
beta dose by a factor of two. 


Absorbed gamma doses calculated for one particle size 
(1004) show a deta-to-gamma rativ of about 15. Dese ratio for 
larger particle sizes will be smaller. 


Doses from arrays of fallout particles of different size 
distributions were computed, also, for several fallout wass 
deposition densities; time intervals required to accumulate 
doses sufficient to initiate skin lesions were calculated. 


These times depend strongly on the assumed fallout-parti- 
ele-size distribution. Deposition densities in excess of 100 ng 
yer square foot of the skin will cause beta burns if fallout 
arrival time is less than about three hours, unless the parti- 
cles are relatively coarse (mean particle diameter more than 
250m) ‘ 


TABLE OF CONTENTS 


ABSTRACT ie 25) Aide ae ah tb ste ee Hite Wh ESS. Ske se 

ESD OR TABLES. 20 sa ase secs AG oe He I. he as og 
TEST IGE BIGURES (cc cs ost el te OS ee er ee ey 
I. INTRODUCTION. . 2 2. 2 ee ee ee eee 
Ii. THE SINGLE-PARTICLE BETA-DOSE MODEL ..... 
LII. EVALUATION OF THE SINGLE-PARTICLE MODEL... 
IV. EFFECT OF RADIONUCLIDE FRACTIONATION ON BETA 

DOSES FROM SINGLE PARTICLES . . ..... 

Vv. THE SINGLE-PARTICLE GAMMA-DOSE MODEL... . 
VI. DOSE CRITERIA FOR SINGLIE-PARTICLE EXPOSURE. . 
VII. THE MULTIPLE-PARTICLE BETA-DOSE MODEL... . 


VIII.DOSE CRITERTA FOR MULTIPLE-PARTICLE DEPOSITION 


Iz. 


RESULTS AND DISCUSSION. ....-..+...-. 
A. Beta Doses from Single Particles. ... 


1. Particles Containing Unfractionated 
Fission-Product Mixtures. . Bens tah es 


2. Particles Containing Fractionated 
Fission-Product Mixtures. ...... 


ke 


iv 


NV 


37 


47 


XT. 


B. Gemma Doses from Single Particles 


C. Beta Doses From Multiparticle Fallout 


CONCLUSIONS AND RECOMMENDATIONS 


REFERENCES . 


TABLE OF CONTENTS 
(Continued) 


49 
a9 


84 


89 


vl 


10. 


LIST OF TABLES 


Nuclides Remaining at Particle Surface. 


Nuclides Uniformly Distributed Within 
Particle ..... Sy) he ee Nee oS é 


Nuclides With Both Surface and Interior 
Components Within the Particie. ..... 


Particle Diameters and Grid Dimensions 
For Pallous Deposition Density of 
TOOO BefPE=: we ce Son Se i Rl tee ot A 


Expected Retention Times of Particles on 
Human Skin ..... F we aah. a) sew ‘ 


Fraction of Atoms (Fp) That Exist in the 
Foruw of Refractory Elements at the Time 
of Solidification... Sm 


Bete Doses (Rads) From Fallout Particles 
Containing Unfractionated and Fraction- 
ated Fission-Product Mixtures ...... 


Ratio of Beta Doses from Particles Con- 
taining Fractionated Fission-Product Mix- 
tures to Beta Doses from Particles Con- 
taining Unfractionated Mixtures ..... 


Ganna Doses from Fallout Particles. 


Effect of Exposure-Initietion Time on 
Krebs Doses Delivered to the Skin... . 


iv 


30 


46 


48 


50 


eee 


52 


81 


WwW 


10. 


LIST OF FIGURES 


Ratio of Calculated (TDD Model) Dose to Dose Measured 
with a £-Extrapolation Chamber (Tissue Depth of 304) 


Comparison of TDD Model Calculations with Monte-Carlo 
Calculations and Extrapolation-Chamber Measurements 
(Delay Time 5.75 hr)... ..-.-..- 


. « - 7 - 6 


Comparison of Calculated (TDD Bode) Dose Rates with 
Film Data (1604 Particles)... . en oS 


- e - » . -« 


Ratio of Model (TDD) Dose to Extrapolation-Chamber 
Dose, as a Function of Tissue Depth (236M Particles) 


Schematic of the Multiple-Particle Array Concept ... 


Comparison between Doses Computed for a Plane Source 
and the ey ae Values for a Multiparticle 
Source ae Tine 10 penne Deposition yenetiy 
100 ae eS. : Bi EE. Gay Ae A ake EA 


Krebs Dose Delivered to the Skin by Single Fallout 
Particles (Exposure puree Time: 10° Seconds After 
Detonation ..... eer a el ree aos 


Point Depth Dose Delivered to the Skin by Single 
Fallout Particles porns Seeeee Time: 10° Seconds 
After Detonation). mee eel se ere 


Krebs Dose Delivered to the Skin by ol se Fallout 
Particles (Exposure Starting Time: Seconds After 
Detonation). ... hae kt te. Bla ee Eee, ooh eee 


Point Depth Dose Delivered to the Skin by Single 
Fallout Particles (Exposure Starting Time: 10% Seconds 
ser Detonation). ....... 


Krebs Dose Delivered to the Skin by 108 Ss Fallout 
Particles (Exposure Starting Time: gine After 
Detonation}. ........e. ae r 


14 


15 


16 


1? 


27 


35 


38 


39 


40 


41 


42 


nese 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


22. 


23. 


Point Depth Dose Delivered to the Skin by Single 
Fallout Particles erreeure sauna! Tine: ce Seconds 
After Detonation)... - Bliss te erect 


Krebs Dose Delivered to the Skin by Single Fallout 
Particles (Exposure Meet ine Time: 10° Seconds 
After Detonation). .... : bt eile ude YE ee ae 


Point Depth Dose Delivered to the Skin hy pingle Fall- 
out Particles (Exposure Sbereiae Time: Seconds 
After Detonation)... . ais bee te 80, ch 


Point Depth Seta and Gamma Dose from a 100» Particle 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 100m Mean Diameter es 1000 Maximum Diameter 
(Exposure Starting Tine: Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 250M Mean Diameter ane 1000M Maxinum Diameter 
(Exposure Starting Time: Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 500% Mean Diameter “3 1000 Maximum Diameter 
(Exposure Starting Time: Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 700s4 Mean Diameter ang 1000m Maximum Diameter 
(Exposure Starting Time: 107 Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Falli- 
out of 1000p Mean Diameter age 2000m Maximum Diameter 
(Exposure Starting Time: Seconts After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 100p Mean Diameter and 1000 Maximum Diameter 
(Exposure Startins Time: 104 Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 250m Mean Diameter and 1000m Maximum Diameter 
(Exposure Starting Time: 104 Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 500 Mean Diameter ang LOOOm Maximum Diameter 
(Exposure Starting Time: Seconds After Detonation) 


43 


44 


45 


54 


55 


56 


57 


58 


59 


60 


61 


62 


24. 


26. 


27. 


28. 


29. 


30. 


31. 


33 - 


34. 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 700M Mean Diameter and 1000M Maximum Diameter 
(Exposure Starting Time: 104 Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of LOOOp Mean Dianeter aye 2000M Meximur Diameter 
(Exposure Starting Time: 10° Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 100M Mean Diameter and 1000m Maximum Diameter 
(Exposure Starting Time: 10° Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 250m Mean Diameter and 1lOOOm& Maxinum Diameter 
(Exposure Starting Time: 10° Seconds After Detonation) 


Beta Dose Delivered to the Skin py Multiparticle Fall- 
out of 500m Mean Diameter ang LO00uMaxirurm Diameter 
(Exposure Starting Time: 107 Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 700M Mear Diameter and 1OOOm Maximum Diameter 
(Exposure Starting Time: 107 Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multinarticle Fall- 
out of 1000M Mean Diameter and 2000aMaximum Diameter 
(Exposure Starting Time: 10> Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 100M Mean Diameter ang 1000mMaximum Diameter 
(Exposure Starting Time: 10° Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
cut of 2504 Mean Diameter ang 1000~ Maximun Diameter 
(Exposure Sterting Time: 106 Seecnds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 500M Mean Diameter ang 1000M Maximum Diameter 
Exposure Starting Time: 10° Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fell- 
out of 700m Mean Diameter and 1000q Maximum Diameter 
(Exposure Starting Time: 10° Seconds After Detonation) 


63 


64 


65 


56 


67 


68 


69 


71 


72 


73 


36. 


37. 


39. 


40. 


Beta Dose Delivered to the Skin by Multipvarticle Fall- 
out of 1000 Mean Diameter and 2000M@ Maximin Diameter 
(Exposure Starting Tine: 106 Seconds After Detonation} 


Beta Dose Delivered to the Skin by Multiperticle Fall- 
out of 100m Mean Diameter end 1LO00M Maxinum Diameter 
(Exposure Starting Time: 10! Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 250h4 Mean Diameter ang 1000 Maxinum Diameter 
(Exposure Starting Time: 10/ Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multipvarticle Fall- 
out of 500M Mean Diameter and 1000m Maximum Diameter 
(Exposure Starting Time: 107 Seconds After Detonation) 


Beta Dose Delivered to the Skin by Multiparticle Fall- 
out of 700m Mean Diameter and 1000m Maxinum Diameter 
(Expesure Starting Time: 107 Seconds After Detonation) 


Beta Dose Delivered to the Skin py Multiparticle Fall- 
out of 1000s Mean Diameter and 2000 Maximum Diameter 
(Exposure Starting Time: 10! Seconds After Detonation) 


viii 


74 


ie) 


76 


77 


78 


79 


ro 
H 
2 
re) 
yg 
oO 
Go 
ras 
Oo 
gw 
H 
Oo 
i 


In 1954, residents of Rongelap Atoll in the Marshall 
Islands were exposed to fallout which srrived within hours 
after detonation of the CASTLE BRAVO nuclear device. Several 
of the Atoll's inhabitants suffered severe skin purms. Pri-~ 
marily as a result of this experience, the possibility of 
"peta burn" Irom nuclear fellout has been recognized. However, 
to date attempts to predict the acute or chronic skin effects 
that might be expected following exposure to fallout have 
been limited. This limitation results mainly from the 
lack of experimental data on the biologic response of the skin 
to particulate-source exposures, from incomplete understanding 
of the relationship of such response to that encountered in 
other localized exposures (e.g. collimated x-ray beams) for 
which data are available, and from the absence of reliable 
beta-dose calculational models. All of these are required 
in order to relate dose to observed effect in @ manner that 
allows prediction of the biological effects from knowledge of 
the expected fallout interaction. 


The literature indicates that work on the theoretical 
aspects of the beta-dose problem has progressed faster than 
have experimental efforts. As early as 1956 Loevinger, Japha 
and Brownell devised an analytical representation (model) to 
calculate beta doses from "discrete radioisotope sources”. 

By 1966, four models were evailable. 2) Of these models, the 
most orecise, though complex, is the Transmission, Degradation, 
and Dissipation (TDD) 2) model. The present paper, based on 
the TDD model, presents predicted beta doses which would re- 
sult from skin deposition of nuclear-weapon fallout particles. 


It is expected that a nuclear attack on the United States 
would result in low-intensity gamma-radiation fields over much 


of tne Fallout area which would develop. Exposure to the low- 
ensity ate or long-term 
ole-body gamma-radiation hazard. However, it has been sug- 
gested that in such situations contact of individual fallout 
particles with exposed skin could constitute a potential hazard. 
Individual particles may deposit on the skin via direct deposi- 
tion during passage of the fallout cloud, or following resus- 


persion oF particles at a later time. 


by 


ach Darticle, if radioactive enough, is cavable of pro- 
ducing a lesion. Several particles could reside in the same 
general skin area; if they are close enough, their effects 
could be additive, in the sense of causing one lesion. Hoaw- 
ever, at larger particle-separation distances, beta-radiation 
dose deliveries would not interact. That is, the dose contri- 
bution from one particle to the tissue in the vicinity of 
another particle would be negligiole. This situation wiil be 
treated separately in Sections II through VI. At small parti- 
cle-sevaration distances, estimation of the dose delivered at 
any point in tissue would require summation of the dose con- 
tributions from all particles in the immediate vicinity. This 
latter situation is treated separately in Sections VII and VIII. 


II. THE SINGLE-PARTICLZS BETA-DOSE MODEL 


The TDD model (for single particles) is composed of six 
separate semi-independent computer codes. The first (Code 1) 
is a nuclide-abundence code which calculates the activity of 
each radionuclide generated in the detonation of a nuclear de- 
vice or weaton. This code also considers radioactive decay and 
e@lculates Tission=nuclide activity at any post-detonation time. 


Coce 2 computes the deta spectrum for each beta-enitting 
nuclide, given the end-point energies, beta branching fractions 
anc degree of forbiddenness of the beta transitions ‘?), Out- 
put from this code is a sequence of values representing the pro- 
bability that a beta particle will be emitted with an energy 
between E and E + AB, where AE = 0.04 Mev, and where values 
for E range from O to the maximum G-energy, Enax’ Indivi- 
dual fission-product beta spectra have been generated and are 


stored on tape for use with the composite spectrum code (Code 3). 


Code 3 is @ composite-spectrum routine which sums the in- 
dividual beta spectra of the fission-product nuclides with appro- 
oriate weighting for the activity of each contributing nuclide, 
as determined by Code 1. Code 3 produces a point~source beta 
spectrum at a given time for tne specific weapon under consider- 
ation. Output from this code is a sequence of values represent- 
ing the number of betas, per energy interval, emitted by the 
source. 


The electron spectrum from a fallout particle (assumed 
to be spherical in shane) differs from that produced by a voint 
source because scattering and absorption processes within the 
particle degrade the spectrum. Calcuiation of the extent of 
degradation is complicated by the fact that in fallout particles 
some fission products are uniformly distributed within the parti- 
cle material, others have condensed on the particle surface, 
while the rest behave in an intermediate fashion. ‘4? 


Korts and Norman developed a mode‘? - termed the Condensed 
State Diffusicn Gontrolled Mcdel - that describes the mechanism 
of fission-product absorotion in fallout material distributed 
in a radioactive cloud following 2 nuclear detonation. In this 
medel they assumed that: a. the fallout material is glassy sili- 
cate; b. the surface of a fallout particle is in equilibrium 


with the gas phase; and c. the rete of transfer of fission pro- 
ducts into the interior of the fallout particle is diffusion 
controlled. Ome output of this Condensed State Diffusion Con- 
trolled Model consists oF a set of radial fission-product- 
concentration vrofiles in fallout particles of different sizes. 
Based on such concentration profiles, Korts and Norman calecu- 
lated for each fission product the percentage of total nuclide 
present that would diffuse into the particle. In almost all 
eases examined, it was found that “loadings” of 0, 25, 50, 62.5, 
75, 82.5 and 100% (by weight) could be used to describe the por- 
tion of fission product present dirtfusing into the particle. 
(The complementary percentage, in each of the 7 classes, repre- 
sents the portion of the fission product present that remains 

at the particle surface). Zero-percent diffusion takes place 
when the fission product condenses on the particle surface, 
essentially without any diffusion during particle cooling; while 
100% diffusion represents complete diffusion, leading to homo- 
geneous distribution of the fission product in the silicate 
tmatrix. This Condensed State Diffusion Controlled Mcdel was 
used, in the manner described below, to provide the geometric 
basis for the electron degradation within fallout particles. 


Degradation suffered by the emanating electron snec- 
trum is handled by Code 4, a Monte-Carlo program which starts 
with a given number of emitted betas in a specified energy in- 
terval and then computes the loss in electron energy 2nd number 
due to scattering and absorption processes within the particle. 
The code outputs two sets of Monte-Carlo-determined energy-de- 
pendent loss coefficients; set A for the homogeneously-distri- 
puted fission-product case, and set B for the surface-condensed 
case. These coefficients are then applied to the composite beta 
spectrum from the point source of fission products (Code 3) by 
Code 5. Application of these loss factors is straightforward 


for the 0% and 100% diffusion cases (in which set B and set A, 
respectively, are utilized). For five intermediate diffusion 
cases. set A was applied to the vercentage diffusing into the 
particle, while set B was applied to the percentage remaining 
at the surface. Output of Code 5 thus consists of a degraded 
beta spectrun emerging from a fallout varticle of a specified 
size. 


Tables 1, 2 and 3 list, respectively, (1) nuclides which 
remain entirely at the particle surface, (2) nuclides which 
distribute uniformly within the particle, and (3) nuclides 
with both surface and interior components within the particle. 


“Latest modifications in the Condensed State Diffusion Controlled 
model may cause a few changes in the "loadings" of some nuclides. 
However, such changes will not affect the dose calculations to 
any appreciable extent. 


TABLE 1 


* 
Nuclides Remaining at Particle Surface 


Se - 83 

Br - 83,84,85,87 
Kr - 85,87,88,89 
Rb - 87,88,89 
Sr - 89 

Ru - 107,108 


Rh - 108 
Pa - 107 
Too 135 


Xe ~ 135,137,138 
Cs - 135,136,157,138,139 
Ba - 139 


"Rnergy states of the nucleus do not affect 
the behavior of the uuclide from the view- 
point of diffusion within the particle core. 


TABLE 2 


Nuclides Uniformly Distributed Within Particle 


zn - 72 

Ga - 72.73,74,75,76 
Ge - 75 

Y - 94,96 

ae = 909 f 


Nb - 95,97,99,109 

Mo - 99,101,102 

Te ~- 99,101,102 

Sb - 126 

La - 143 

Ce - 143,144,145,146 

Pr - 143,144,145,146 

Nd - 147,149,151 

Po - 147,149,150,151,152,153,154 
Sm - 151,153,155,156 

Bu - 155,156,157,158,159,160 
Gd - 159,161 

To - 160,161 


TABLE 3 


Nuclides With Both Surface and Interior 
Components Within the Particle 


Nuclide Braction on Surface 
Ge-T7 0.250 
As-77 0.250 
Ge-78 0.250 
As~-78 0.250 
As-79 0.500 
Se-79 0.500 
As-81 0.500 
Se-81 0.500 
Sxr-90 0.750 
¥-90 0.750 
Er-91 0.500 
Ro-9l 0.500 
Sr-91 0.500 
¥=ou 0.500 
Sr-92 0.500 
2792 0.500 
X=99 0.250 
Zr-93 0.250 
Te-105 0.250 
Ru-103 0.250 
Te -104 0.250 
Ru~105 0.250 

0.250 


Rh-105 


TABLE 3 (Cont'd) 


Nuclide Fraction on Surface 
Ru-105 0.750 
Rh-106 0.750 
Pa~109 0.875 
Pa-1il 0.750 
Ag-111 0.750 
Pd-112 0.625 
Ag-112 0.625 
Pd-113 0.525 
Ag-11i3 0.625 
Pda-114 0.625 
Ag-114 0.625 
Ag-115 0.500 
Cda-115 0.500 
In-1ls 0.509 
Ag-116 0.625 
Cd-117 0.625 
In-117 0.625 
Cd-118 0.625 
In-118 0.625 
fn-119 0.625 
In-120 0.500 
in-lL2t 0.500 
Sn-121 0.500 
In-123 0.250 


TABLE 3 (Cont'd) 


Nuclide Fraction on Surface 
Sn-123 0.250 
sb-124 0.250 
sn-125 0.250 
Sb-127 0.250 
Te-127 0.250 
80-128 0.250 
$b-129 0.500 
Te-129 0.500 
I-129 0.500 
I-130 0.500 
Te-13l 0.500 
I-131 o.500 
Te-132 0.500 
1-132 0.500 
Te-133 0.500 
I-133 0.500 
Xe-133 0.500 
I-134 0.750 
5a-140 0.750 
La-140 0.750 
Ba-14i 0.500 
La-141 0.500 
Ce-141 0.500 
la-142 0.250 
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Code 6 operates on the resulting composite degraded spec- 
trum to compute the depth dose rate in tissue. This is based 
on energy-dissipation factors for fast electrons as calculated 


vy L. V. Spencer in N3S Monograph 166), 


The dose-rate, D, (in rads per hour), at a tissue depth 
Zen from a particle of volume Voom’, emitting N(2,) peta 


3 
particles /sec-en? in the energy interval AE with mean energy 


7 


Ey, in Mev (this is the emerging degraded spectrum in the 
present work), is given by: 


Ey=E_,-OB/2 


kigV 7 
D,= oe as T(x) (GE/ar), N(E,) (1) 
BE =an/2 
a) 
where k is a constant, which has a value of 5.76 x 107° 


red:g-sec/Mev-hr, relating energy~-transport rate 
to dose rate. 


Fh 


designates a dimensionless correction factor for 
@ semi-infinite absorber, determined from an 
auxiliary Mente-Carlo program. 


E is the ratio of dose rate at a distance Y (er) 
from the center of a spherical source (radius R 
(em)) to the dose rate from a point source at the 
same distance (Y>R); she ratio is a dimensionless 
quantity given by the equation: 


ye 6 2 2 ty 
e- 3 fos+ (a ) In (== : ‘) (2) 
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J(x) represents Spencer's energy-dissipation-dis- 
tribution function evaluated at tissue depth 
Z measured in units of the normalizing resi- 
dual range, ry; x = 20 /r., Pvéing the density 


(6P 


of the absorbing medium’. 


(dE/dr). is the stopping power of the absorber for elec- 
° trons emitted from the particle with 2nergy Eo: 


The resulting dose rates, summed over the composite de- 
graded spectrum, form the output of this part of the model. 


The final operation of the composite TDD model integrates 
the various dose rates (from each energy interval) computed via 
Eauation 1 over time to get the total absorbed dose. In practice, 
iu order to reduce computation time, the integration is carried 
out by the use of time-integrated beta activities derived fren 
the inventory code (Code 1) to make up a time-integrated com- 
posite beta spectrum, which is then degraded and deposited in 
tissue as explained above. That is, the time-integration is 
done from the start rather than at the last step. 


Recently, the six codes have been wnified into a single 
modified composite program to reduce computer mm-time (7). Also, 
several new features have been introduced into the composite 
program to increase its ability to cope with a variety of beta 
dose problens 8), 


TII. EVALUATION OF THE SINGLE-PARTICLE MODSL 


Validity of the TDD-model dose predictions has deen ex- 
aninaa 68? through comparison of the model-computed doses deli- 
vered by reactor-irradiated uranium carbide particles with: 
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a. Doses from the Ue, particles measured with a g-extrepolation 
champens? = b. UC,-particle dose values obtained by a photo- 
graphic-fila dosinetry technique; and cc. Dose values computed 
through application of a completely independent Monte-Carlo 


caleulational technique. 


Tests included doses at shallow as well as at relatively 
large depths (7500u) in tissue, at points directly underneath 
the particle and points radially displaced to distances as far 
as 5000 microns. Particles of variable sizes, and reactor irra- 
dGiation times of different duration, were aiso included in the 


comparisons. 


Typical results obtained in the comparisons with data 
from the extrapolation chamber, the Monte-Carlo progran, and 
he photographic-film exposure technique are presented in 
Figures 1, 2 and 3, respectively. The primary conclusions 
drawn from the comparisons were 8 : 


ct 


1. On the whole, agreement between values obtained 
through use of the composite brogram and by experimentation 
(and exercise of the cited Monte Carlo program) was satisfac- 
tory. 


2. The ranges of particle sizes (85u to 310u) end time 
periods of reactor irradiation (5 min to 24 hr) considered 
appear to have little influence on the extent of agreement 
achieved. 


3. Tissue beta-radiation delivery, i.e., absorption, 
estimated by the composite TDD model for shallow tissue depths 
is invariably higher than that derived from the Monte Carlo cal- 
culations. As the tissue depth considered increases, agreement 
between the TDD model and experimental results improves until 


(as shown in Figure 4), at a tissue path length of about 


13 


062 


(dof Jo uydeq ansesL) 
daquauy uoTautodusyxg-y B YUITA pensvay 
2807 03 BI00 (TIPON dL) PaqutNoTuD Jo oF4UY 


T aang py 


YW 'raqyouvsytd oop opoTyang 


OL2 O%2 OSe Gel 


QXE 04 TSpOW) OTZeH es50C 


GD aot veptoder 


eaae 


a 


(Sutppeau 


Ao 
el 


Done Rate, Rad/hr 


100 


Delay Tine: 


Extrapclation Chasber 
Sa Motel 


Monte Carlo, Surfece Detector 
Monte Tarlo, Yolune Detector 


1000 2000 3cog 2000 3000 5000 7030 


Tissue Depth, uv 


Figure 2 


Comparisoa af TID Model Calculations 
with Monte-Carlo Calculations and 
Extrapolation-Chamber Measurements 


| 
wi 


1 8000 
+ 


Dose Itate, Rad/hr 


[3D Model 


130 


260 300 400 


Depth, ng/ cn* 


Figure 3 


Comparison of Calculated (TDD Model) 
Dose Rates with Film Data 


w 
oO. 


700 


OOSL 


(satoyaaug 92) 
ujdag anss}ty, Jo uofyoung u@ se fasoq raqueuy 
-UOFAVTOdB1z XY 09 |SOq (GAL) TaPW Jo oF wY 


4 SaNBTY 


vf ‘ugdeq ensaty 


0069 00£9 0016 00LS Oost O06¢ OOLS ood OO? OOGt 006 
T T T T 


OOO GH! 


a aI se Ree ee 


POW) OFZBE Bsog 


9 uotzetoderyxy 0% Te 


aqnexr 


(2utpeey = 


17 


4000 microns, the model and test-method values tend to agree. 
Such relationships are interpreted as indications that the 
model underestimates electron attenuation in the particle 
material and overestimates that in tissue. 


4. Delay times (time veriods between termination of 
reactor irradiation and start of tissue exposure) greater than 
approximately 25 hours apvrear to increase the difference he~ 
tween model predictions and values determined by the test 
methods, but not to an avrreciable degree. 


5. Doses measured directly below the particle by photo- 
graphic-film experiments agree rather well with model predic- 
tions. An exception to this is for dose locations very close 
to the particle, in which situation apparent saturation of 
Tilm occurs. 


Iv. EFFECT OF RADIONUCLIDE FRACTIONATION 
ON BETA DOSES FROM SINGLE PARTICLES 


For a land-surface nuclear detonation, local fallout con- 
sists of the larg2r radioactive particles formed in the explo- 
sion. Because of radionuclide fractionation, local fallout is 
depleted in volatile nuclide mass-chains (such es mass-89 chain) 
relative to refrectory mass chains (such as mass-95 chain). 
Worldwide fallout, on the other hand, consists of the smaller 
particles of debris; it is relatively enriched in volatile mass 
chains. The effect of fractionation on beta doses from fallout 
pacticles is to produce a variation in the dose delivered by 
particles of the same size containing the same number of equiva- 
lent fissious (based on abundance of refractory mass chains). 
The difference between doses from unfractionated and fractionated 
particles depends on the extent of fractionation. 
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Fer estimation of beta doses from fallout particles con- 
taining fractionated fission-product mixtures, a suitable method 
had te be foumd for estimeting the radiochemical composition of 
these fractionated mixtures; then the doses had to be calculated 
by the same method described in Section II above. 


FPreiling, et ap, (29) 


suggested 2 semiempirical approach 
to estimate the radionuclide abundance in fission-product mix- 
tures fractionated to variable degrees. Their approach can be 


summarized as follows: 


i. Consider only those nuclides which, at some time in 
the fallout-particle history, contribute significantly to the 
Gose rate. These nuclides and their isobars form the signifi- 
cant mass chains. 


f.though some 90 mass chains are produced in the 
thermal-neutron fission of 235g only about half of these 
make, at some time or another, a significant contribution to 
the dose rate. Calculations can be considerably shortened by 
consideration of these mass chains only. 


2. Divide the fission-product elements into refractory 
and volatile groups according to their vapor pressures at the 
solidification temperature of the soil pulled upward into the 
cloud. 


The chosen temperature used in the calculations re- 
ported is 1400 ~C; the solidification point of an idealized 
silicate soi1'4?. Volatile elements are those whose predonin- 
ant species have a normal boiling point below 1400 °c. These 
elements are: As, Se, Br, Kr, Rb, Mo, Te, Te, I, Xe and Cs. 
All other elements are considered refractory. 


* 7 - 
This approximation was used for estimation of beta doses from 
fractionated particles only. 
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In any mass chain, the fraction, Pre of atoms that 
exist in the form of refractory elements at the time of solidi- 
fication (time at which 140C °c is reached by the cooling fire- 
bali), t, is a measure of the refractory nature of that mass 


chain taken as a whole. The value of t is given by the equa- 
1 


(4), 


* (sec) = 1.88 wo: 383 


where W is the total yield of the weapon in kilotom (Zt). 
For 25 Kt and 5 Mt weapons, this eauation gives solidification 
times of 6 and 41 seconds, resnectively. 


Values i BR were calculated for the significant mass 
10); 


chains py Freiling , on the basis of the tables devised by 
Bolles and Ballou 1h) From these tables, Freiling obtained 

the number of atoms of seach fission-product mass chain present 
in various elemental forms at 6 and 41 seconds following 2355 
thermal-neutron fission. The elemental distributions had been 
calculated by Bolles and Ballou according to both Present's min- 
imur-kinetic-energy theory of charge distribution‘??? and the 
equal-charge-displacement theory oF Glendenin, Coryell and 
ene ee: Freiling carried out calculations of Fa on dota 
bases. However, since Glendenin's theory is generally preferred, 
the calculations made in this report are based on that treatment 


only. 


3% Define the abundance of each nuclide in the fraction- 
ated mixture as the product of its eaebpundence in the correspond- 


ing unfractionated mixture (2% the solidification time) and a 


Fractionation Correction Factor, (Tg yr ~ Oa, where: 
¥ 
Taq 95 is the fractionation ratio, or the ratio 
? 


= 


of the number of fissions required to pro- 
duce the quantity of mass-89 chain found 
in a particular fission-product mixture 
(sample, particle) to the number required 
to produce the quantity of mass~-95 chain 


in the same mixture, and 
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is an empirical correlation parameter observed 


yi 


* - 
te be approximately eaual to YR ) in debris 
(14 


from high-yield surfece bursts 

Figure 5 of reference 10 relates these Fracticnation 
Correction Factors to the fractionation ratio Tg39,95 for differ- 
ent values of PR: With the fractionation ratio paraneterized, 
the correction factors used in the dose calculations reported 
here were obtained from that Figure and inputted into the Single- 
Particle TDD model, which then calculated the fractionated nuclide 
inventory at t, calculated the beta spectruc of the mixture at 
that point in tine, decayed it to the desired delay time, inte- 
grated it over the desired exposure tine and finally proceeded 
to calculate the beta dose frou the particle in the wanner de- 
scribed previously in Section II. Nuclide diffusion into the 
fallout particle was taken into account and was handled as ex- 
plained in Section II. 


Vv. THE SINGLE-PARTICLE GAMMA-DOSE MODEL 


One of the questions frequently asked about exposure of 
human skin to radiation from fallout particles is: Wheat is 
the relative contridution of y-radiation to the total absorbed 
dose in skin? Is it sufficiently significant so that it should 
always be calculated and added to the beta dose before the bio- 
logical consequences of exposure can be evaluated? 


This relation is approximate. It neglects, among other things, 
the change of by with fallout-particle size. It is, however, 
adequate for the present calculations. 


2h 


taj 


or answers to these questions, a calculational progran 
had to be written to estimate the gamma-radiation dose from a 
point source containing 2 mixture of 25 °y-thermal-neutron-fis- 
sion products. Similar to the veta vorogranm, this program is 

a combination of several codes, as follows: 


Code 1 is a fission- product abundance code identical 

to Code 1 of the beta-dosée model. It creates and maintains a 
library of fission yields, accents a library of nuclear con- 
stants, produces @ set of possible decay modes for the nuclides 
in the librarc, celculates nuclide inventories immediately after 
Fission and avyplies the generated decay schemes to the fission 
yields to calculate inventories of nuclides at requested delay 
tines. 


Code 2 is an individuel-nuclide-ganma-spectrum code which 
stores the gamma spectrum of each nuclide in terms of the num- 
ber of photons in each energy interval. 


The information from Codes 1 and 2 is combined into a com- 
pozi~2 y-spectrum code (Code 3). This yields a time-integrated 
geanma-spectrun which is 2 proveriy weighted composite of all 
the individual gamma spectra from the fission-preduct mixture 


of muclides in the point source of interest. 


The last code (Code 4) calculates the gamma dose at speci- 
fied depths in tissue, with the equation: 


*& 
7 - -|s,c 
Dy (rad) = = le 22) B, (2,r,E,)Ey] — 
oa * “2i,r a 
= t 
SE,ZAC ] e B(L,2,B,) (35 
=| 


r 
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where: S is the total number of gammas produced in the 
energy interval "centered" on Ey, during the 
exposure period 


R is the distance from source to target or dose 
point pv, co 


is the total macroscopic cross section for all 


aM 


processes of attenuation (including scattering, 
-] 


*s), cm ~ 


= is equal to er 2), the macroscopic cross 


section for ganna absorption in the mediun 


surrounding DB, cm 1 


p is the density of medium through which the 


gammas pass and in which they are absorbed, 
g/en? 


ar is the average gamma energy of the energy inter- 
val considered, Mev 


B(2,r, Ey) is the dose ouildup factor, cinensionless 


G is the conversion factor from Mev/grem to rad; 
it is equal to 1.602 x 1078 


Values of 5 were provided by the previously deseribed 


codes for ener intervals of 0.1 Mev. The macroscopic cross 
Seeks (16) 
TaS 

more precise values for tissue. Similarly, the density, p, was 


sections and =e for water were used in the absence of 


taken as 1 gran/en’, and the builduv factors were those of water, 
obtained from reference 15. 
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VI. DOSE CRITERIA FOR SINGLE-PARTICLE EXPOSURE 


Serious acute lesions of the skin are induced primarily 
by the destruction of the germinal cells of the epithelium. In 
humans, the subsurface depth of the skin germinal~cell layer 
varies between 20 and 250 microns. However. for canven- 


ience, a single depth of 1004 is usually chosen to represent 


ct 


he critical level. The absorbed beta dose (or amount of beta 
anergy absorbed in an infinitesimally small mass of tissue 
surrounding the point of interest) at the point 100n deep "umder- 
neavh"” the source (fallout periicle) is termed the "Point Depth 
Dose" at 1O00u. 


For a considerable neriod of time, beta-radiation damage 
to skin was viewed almost entirely in terms of the estimated 
100u4u point depth dose. However, within recent years, iv has 
become generally accepted that, for a serious radiation lesion 
to occur, the germinal cells must be destroyed over an area of 
Skin too large for normal regeneration to replace them within 
a reasonable period of tine. Of necessity, this has led to con- 
sideration of area dose absorption (svecified by dose at the 


periphery) rather than dose absorbed at a specific point. 


A survey by Gres (17) an 1967 showed that for an acute 


lesion of the skin to develop, the viable germinal celis must 
be reduced to a survivel level of less tham 0.001 over an area 
sufficiently lerge to prevent replacement of dead cells (via 
cell proliferation) in the mergin of the exposure field. ‘The 
criterion recommended vy Krebs is that a 1500 rad or greater 
dose to the sin, deposited at any point of the saui-dose circle 
on the periphery oF a 4 mz radius circular field 100m deeo in 
tissue, constitutes a potential skin-demage threat. 
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Krebs derived his conclusions from x-ray microdeam studies. 
At the time of his evaluation, little biological-danage data 
was available from single-particle investigations. Following 
pudlication of Ereos's conclusions, an experimental study to 
test the suggested criterion was pondueneac 8) Irradiated 
cicrospheres were used ¢5 radiation sources; swine were the ex- 
perizental animals. Results obtained in this study showed that 
the minimum radiation dose, denosited at the perichery or a 
4 mm radius field, required to produce a very small ulcer (less 
than 0.5 mm in diameter) is below 405 rads estimated. An ulcer 
one om in diameter was oroduced following ebsorption of 660 
rads (same field), 2 mo diameter ulcer by about 1150 rads, 
ate. IT? one assumes snare of the ulcer diameter with (4 om 
radius field) dose (as indicated by the data), then by extrapo- 
lation @ 3550 rad delivery would just yield @ zero-diemeter ulcer. 


In the work herein discussed, the 660 rad dose was used 
as the threshold dose for damage to human skin from deposited 
fallout varticles. This admittedly arbitrary taresnold was 
chosen en the vasis that a one-rillimeter diameter ulcer is 
small enough to be considered a threshold for damage buy large 
enough to be recognizaole. Choice of 350 or 1150 rads as a 
threshold dose does not anpreciably affect the conclusions 
derived in Section IX below. 


VIL. THE MULTIPLE-PARTICLE BETA-DOSE MODEL 


The multiple-particle veta-dose model is designed for 
evaluation of dose situatious in which the fallout-particle 
deposition density on the skin is of such magnitude that deta 
radiation emitted from edjacent varticles is absorbed in the 
same tissue volume. 
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Two distinct approaches can be used to examine the ab- 
sorted dose from mnultiparticle sources. In the first, the 
Source is viewed as a uniform olane source of strength de- 
pendent only on the number of ‘tauivalent fissions" of fission 
products deposited per unit area. Im the more realistic second 
approach, the source is taken to be a group of fallout particles 
of size distribution dependent on the weapon yield and the dis- 
tance from ground zero to the denosition paint of interest. 

s 1 


ivered by such a source to the skin depvends, 


fe} 
ct 
a 
v 

Ics 
0) 


rticie-size distribution, on the fallout 
mass deposited per unit area, and on the specific activity of 


The plane-source approach was pursued py Brown {29) , who 
used Spencer's plare-source caiculations to compute beta-dose- 
rate multipliers for each fission-procduct deta emitter. Brown 
considered two situations: a. cantact dose, where the plane 
source lies between an absorbing nedium and @ backscatterer; and 
do. beta bath, where an attenuation medium separates the absorb- 
ing medium trom the plane source. 


By use of Brown's convact-dose multipliers and the out- 
put from the abundance code (Code1) of the TDD program, it was 
possidle to calculate the dose delivered to the skin from 4 
plane source of the desired activity level. Results of these 
computations are considered later in this Section. 


In the second, or particulate. nodel, the source is 
viewed, for purvose of analytical examination, as consisting of 
superimposed strata of fallout particles, each stratum being 
in contact with the skin surface. Sach stratuz consists of 
an array or equai-size particles, with separate particles 
placed at the intersections of a uniform rectangular plane grid. 
Figure 5 illustrates the concent. The cose is estimated at 
point X¥, 100u below the central voint of the grid plane. By 
sumretion of the dose contribdutions from individual particles 
as computed by the TDD model, the dose at EZ can be determined. 
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Figure 5 


Schematic of the Mnltiple- 
Particle Array Concept 
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Por calcwation of the dose at X, dose contributions 
from the particles closest to X are computed and added. Then 
doses from particles at increasing distances From Kk are added 
until the incremental increase in dose falls below a predeter- 
mined fraction of the initial sun, at which time the calcula- 


tion stcus. 


For accuracy, 10 strata of arrays were considered in the 
calculetions herein reported. Hach stratum was assumed to con- 
fe) 


tain 10% of the total fallout nass deposited (on a wnit-area 
basis). Particle sizes for the arrays were determined as 
fcllows: 

1. Assume a mean and a maximum particle size for the 


Tallout deposit. Im the first four situations considered, the 
means were taken parametrically as 100, 250, 500 and 700u, 
each with e fixed maxinum of 1000yn . Im a fifth case the mean 
wes 1OOC and the maximum 2000z . 
ae 

2. Assuming a log-normal distribution’*’ of particle 
sizes in each case, and with the lmowledge of the maximum and 
the mean, trace a log-probebility line for the particle-size 
distribution. 


3. Subddivide the line into 10 equel-probability regions 

and determine the particle size, in each region, corresvonding 
o the midrange protadility. Use these 10 mean particle sizes 
for the strata. 
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4 shows the particle size. and dimension of unit 
cell, for each of the ten narticlie-size classes of each of the 

ric-distribution cases In all five cases shown 
éeposition density was taken as 1000 me/et*. A 
Similar set of values was obtained for each of the other five 
Aevosition densities (100, 200, 500, 2000 and 5000 ng/ft*). 


Two facts ar worth mentioning here: 1. For obvious 

oms the varticulate approach is much wore realistic than 

plane-source approach; 2. For the same nurber of equivalent 
S per unit area. the plane-source computations give dose 

ues higher than the Multinarticle Model by as much @s an 

order of magnitude (see Figure 6). The discrepancies are due 

th the geometry and the attenuation within particles. The 


ct 
f°) 
o 
(@) 


a @ifferences between the dose values resulting from the 
particle-size distribution assumed 


e 
Two approaches depend on the 


im vne 


particulate approach (Figure 6). For a fixed maxinum 
he difference decreases as the mean pnarticle size de- 
creases. but for the cases considered. a factor of 5 was the 


smallest encountered. 
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TABLE 4 


Particle Diameters and Grid Dimensions 
For Fallout Deposition Density of 1000 mg/ft* 


Case 1: Mean Particle Diameter: 1004 
Maxinun Particle Diameter: 1000z 


“Particle 
Diameter. x 


¥* 
Grids are assumed to have square geometry. The 
dimension given is the length of the side of the 
square in cn. 
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TABLE 4 


(Continued) 


Case 2: Mean Particle Diameter: 250 
Maximum Particle Diameter: 1000z 
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TABLE 4 


(Continued) 
Case 3: Mean Particle Diameter: 500 u 
Maximum Particle Diameter: 1000 u 


, Particle 
: Class _Diameter, u 


5.88 x 102 


7.65 x 10° 


9.11 x 10° 


1.03 x 10 


1.16 x 10 


1.30 x 10 


1.46 x 10 
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TABLE 4 


(Continued) 
Gasé 4: Mean Particle Diameter: 7004 
Maxinum Particle Diameter: 1LO00u 


ee ee ee 
22959909993 


je) 
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i) 
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0) 
0) 
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0) 
8) 
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TABLE 4 


(Continued) 
Case 5: Mean Particle Diameter: 1000z 
Maxinun Particle Diameter: 2000 
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VIII. DOSE CRITERIA FOR MULTIPLE -PaRTICLS DEPOSTTION 


on has been explicitly proposed for 
Skin damage From mulviple particles. However, the Tollowing 
) 


points serve as guidelines for establishing such a criterion: 


ue 


i 
is 


the case of single-particle sources, damage 

to the skin will occur when the survival level of the germina- 

tive cells is reduced to less tran 0.001 over an area suffi- 

ciently acti preclude replacement of dead cells via pro- 
; 


liferation. 


2. Such a reduction in survival oceurs at a lower 
tv would from 2 

Single varticle. Krebs estimates that a uniform 1300-rad 
Gose from a multinarticle source would cause the same reduc- 
tion in survival level brought adout by a 1500-rad dose fron 


(20) 


a single-particle source? 


dose level from a nultiparticle source than i 


3. In view of the difference between the vredicted 
single-particle critical dose (1500 rad) and the corresponding 
experinentally determined value of 660 reds, an adjustment has 
to be made to the suggested multiple-particle value to bring 
it into line with experiment. 


4. It seems reasonable to accept a proportional dose 
for the multi-varticle situation; i.e. (1300/1500)x 660 ~ 570 
rads. That is, axposure of the skin (100u depth) to a uniform 
devosited dose of 570 reé from 2 multinle source will be 
assumed sufficient to damage the skin in the manner described 


in Section VI atove. 


ae ser ne awn nrewreersK 
fey RESULTS AND DIS3USSION 


a. Bata Doses From Singls varcviclas 
—F ca Sat At bene >) ~j Heh Fi ; = x - ONG 
1. Partioles tontaining Unfractionated Fission-Proéuct Mixtures 


e u tissue destn di- 
he fallout particle) and Krebs doses (estimated 
plane 100 delow the 
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earliest particle arrival time consi 
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the 660 rads required for damage. Table 5 shows experimental 


data obtained at Oak Ridge National Lebocratary (ORNL) for ex- 
g a 
pected retention tines of narticles on humen skin under normal 


conditions of tenperature and nunidity Considering the 
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Krebs Dose Delivered to the Skin 
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Point Depth Dose Delivered to the Skin 
by Single Fallout Particles 
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Krebs Dose Delivered to the Skin 
vy Single Fallout Particles 
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Figure 11 
Krebs Dose Delivered to the Skin 
by Single Fallout ticles 
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Figure 12 


Point Depth Dose Delivered to the 
Skin by Single Fallout Particles 


00st (RADS) 


KREBS DOSZ VERSUS RETENTION Tine 


10 @& SECONDS C@LAY TIN® 100 NSICRGNS TISSUF DEPTH 


RETENTION TIME (HOURS) 


Figure 13 


Krebs Dose Delivered to the Skin 
by Single Fallout Particles 


44 


Dost (RADS} 


10 @6& SBCONOS DELAY Tine 


to & 


19 > 


to-1 
10° 


POINT O€PTH DOSE VERSUS RETENTION TIME 


10% toe 


RETENTION TIME (HOURS) 


Figure 14 
Point Depth Dose Delivered to the 
Skin by Single Fallout Particles 
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EXPECTED RETENTION TIMES OF PARTICLES ON HUMAN SKIN 


Particle Diameter, u Time, Hours 
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Figure 8 presents the point depth doses delivered by 
the same particlen under the same (early arrival) conditions. 
Comparison between Figures 7 and 8 shows that point depth doses 
are higher than the corresponding Krebs doses by a factor of 
10° to 107, depending on the particle size. Lower ratios cor- 
respond to larger particle sizes. 


From Figures 9 and 11, it can be seen that, after a de- 
lay of a little over 10* seconds (about 2.8 hours), even a 
1000u particle can be tolerated, provided its retention time 
does not exceed its expected value in Table 5. 


Figure 11 shows further that, after a delay of 10° seconds 
(about 28 hours), no single particle of any size can possibly 
cause a beta burn (excent for the 1000p particle retained 
for an inordinately long time). 


2. Particles Containing Fractioneted Fission-Product Mixtures 


The objective of this Section is to determine the 
Tagnitude of the effect of fractionation on the beta doses de- 
livered by fallout particles rather than to obtain a set of 
beta-dose values from particles containing fractionated fission- 
product mixtures. Therefore, the calculations were limited to 
four fallout-particle sizes, one device (5 Mt), ome theory of 
charze distribution” (Glendenin's), one delay time (one hour), 
and one exposure period (24 hours). Three values of the frac- 
tionetion ratio (Lgq 95 = 0.333, 0.1 and 0.01) were postulated, 
however, to permit investigation of the effect of that parameter 
on the doses. 


Table 6 contains the FR values calculated by Freiling(+°) 
for the significant mass chains in the case under consideration. 
As previously mentioned, the same Fe value was used for all the 
members of a given mass chain. 


*% . ft 
See Section Iv. 
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TABLE 6 


Fraction of Atoms (Fp) That Exist in the Form 
of Refractory Elements at the Time of Solidification 
(From Reference 10) 
Solidification Temperature: 1400 ie 
Solidification Time: 41 sec post detonation (5 Mt) 


8 CHAIN FR CHA 


0.00 


0.00 
0.00 
0.00 
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Table 7 gives the calculated pcint depth doses 
and Krebs doses fron unfrectionated and fractionated sources, 
while Table 8 depicts the ratios of fractionated to their 
corresponding unfractionated Goses. As can be seen from the 
Table, the ratios for point depth dceses varied from about 
0.70 to 0.47, and for Krebs doses from about 0.75 to 0.50, in- 
dicating that even in extreme cases of fractionation, doses 
zvroem fractionated sources are lower by a factor of only 2 than 
those from unfractionated sources. Although a factor of 2 might 
be Significant in certain cases, yet due to the uncertainties in 
the assumptions involved in the complex computations, further 
calculations or refinements did not seem justified. 


B. Gamma Doses from Single Particles 


In this Section, the goal is to obtain a rough estimate 

crf the contribution of the gamma dose relative to the beta dose 
at the germinal-layer level. The gamma-dose to beta-dose ratio 
is naturally effected by several perameters, including rarticle 
size, tissue depth, position of point of interest at which dose 
is to be estimated, delay time, exposure time, and fractionation. 
An adeaquate idea can, however, be obtained from a limited amount 
of computation. 


Calculations were made for one particle size (1004 in dia- 
meter), one tissue depth (100), one point in tissue (directly 
below the particle), and an unfractionated fission-product mix- 
ture. Several delay and exposure times were considered, how- 
ever. 


Results of the calculations are presented in Table 9. 
They cover delay times ranging fron 10? to 10? seconds and ex- 
posure times from 1200 seconds to infinity. 
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A direct comparison between beta- and gamma-dose contri- 
butions to the total skin exposure can be made from Figure 15, 
in which both types of dase are shown as functions of exposure 
time. It is clear that there is more than an order-of-magnitude 
difference between the values of the two doses for the particle 
size examined. Thus, for 100x particles, the gamma-dose contri- 
bution to skin damage appears to be negligible. It is certain, 
however, that as the particle size increases, the 8/¥ ratio de- 
creases due to the high absorption and scattering of the betas 
within the body of the particle itself, relative to the gammas. 
Por a better definition of the effect of size on the &/' ratio, 
more computations would have to be carried out. 


CG. Beta Doses From Multiparticle Fallout 


Data computed with the Multiparticle Model are shown in 
Figures 16 to 40. In these figures, time~integrated doses 
frow fallout deposition densities of 100, 200, 500, 1000, 
2000 and 5000 mg/tt*, for different particle-size distributions, 
have been plotted as functions of fallout retention time. A111 
computations are based on 101? fissions/ce. Delay times of 10°, 
10%, 10°, 108 and 10! seconds are covered. 


Figure 16 shows that for a delay time of 10° seconds 
even the lowest deposition density (100 we/ft*) of particles 
of lOOu mean diameter and 1OCOu maximum diameter (size distri- 
bution A), can deliver to the skin, in less than one hour, 
more than the 570 rads required for damage in the multiparti- 
cle situation. However, as seen in Figure 20, the same mass 
of fallout but of 1090u mean diameter and 2000u maximum diameter 
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Skin by Moltiparticle Fallout 


TOTAL DOSE (RADS) 


TOTAL 2XPECTED DOSE VERSUS RETENTION TIME 


"FOO MICRONS MEAN PARTICUZ DIAMETER 100 MICRONS TISSUE DEPTH 
1000 MICRONS MAXINUM PARTICLE DIAMETER 10 ES SECONDS DELAY TIME 
to & 
6000 
ios ae 


i 
! 


200 


- near 


10 5 


Rel 100 
10 =e : | 


10° tot 


DEPOSIFION DENSITY ¢ 


-——+ 


RETENTION TIME (HOURS? 


Figure 19 


Beta Dose Delivered to the 
Skin by Mnltiparticle Fallout 


58 


TOTAL OOSTE (RADS) 


TOTAL, EXPECTED OCSE VERSUS RETENTION TIME 


1000 MICRONS MEAN PARTICLE DLANETER 


100 MICRONS TISSUE DEPTH 


2000 MICRONS MAXIMUM PARTICLE DIAMETER 10 &S SECONDS DELAY TIME 


10° tot 102 


RETENTION TIME <HOURS) 


Figure 20 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


DENSITY 


105 


TOTAL. Cost! {RAD 


TCO MICRONS MEAN PARTICLE DIAMETER 


£000 MICRONS MAXIMUM PARTICLE DIAMETER 


to & 


TOTAL. PECTED DCSE VERSUS RETENTION TIMZ 


to! 102 


RETENTION TIME {HOURS) 


Figure 21 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


60 


c 
8 
: 
z 


DEPOSITION D 


100 HICRONS TISSUE DEPTH 


10 Ea SECONDS DELAY TIME 


TOTAL DOSE (RADS) 


250 MICRONS MEAN PARTICLE DIAMETER 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 


TOTAL EXPECTED DOSE VERSUS RETENTION TIME 


101 102 


RETENTION TIME (HOURS) 


Figure 22 


Beta Dose Delivered to the 
Skin by Multiparticle Frellout 


61 


t 
2 
: 
E 
8 
g 


100 MICRONS TISSUE DEPTH 


10 E4 SECONDS DELAY TIME 


1o> 


TOTAL DOSt (RADS) 


TOTAL EXPECTED DCSE VERSUS RETENTION TIME 


yy 


6 MIGSONS MEAN PARTICLE ‘DIAMETER 160 NICRONS TISSUE DEPTH 


1600 MICRONS MAXIMUM PARTICLE DIAMETER» 10 64 SECONDS DELAY TIME 
10 5 : 


sees 
ee 
FE pies B00 


10 2 ge 


DENSITY (MGe/SO p) 


CEPOSI TIC 
,—b— hk 2}. 


~ 


1 


~ 
o 
oO 
~« 
Qo 
7 
-~ 
_ 
°o 
uw 


Figere 23 


Beta Dose Delivered to the 
Skin by Muitiparticle Fallout 


62 


TOTAL DOSE (RADS) 


TOTAL &XPECTED DOSE VERSUS RETENTION TIM 


700 MICRONS MEAN PARTIC.£ DIAMETER 100 MICRONS TISSUE DEFTH 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 10 &4 SECONDS DELAY TIM&® 


RETENTION TIME (HOURS) 


Figure 24 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


65 


TOTAL, DOSE (RADS) 


TOTAL EXPECTED DOSF VERSUS RETENTION TIME 


1000 NICRONS MBEAN PARTICLE DIAMETE: 


100 MICRONS TISSUE DEPTH 


2000 MICRONS MAMIMM FARTICLE DIAMETER 10 24 SECONDS DELAY TIME 


roe tof 102 


RETENTION TIME (HOURS) 


Pigure 25 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


64 


Fr 
é 
8 
- 
b 
oad 
vi 
a] 
A 


TOTAL. DOSTE {RADS) 


TOTAL EXPECTED DOSE VERSUS RETENTION TIME 


100 MICRONS MEAN PARTICLE DIAMETER 


100 MICRONS TISSUE DEPTH 


1000 NICRONS MAXIMUM PARTICLE DIAMETER 10 ES SECONDS DELAY TIME 


19 5 


109 rot 102 


RETENTION TIME (HOURS 


Figure 26 


“Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


65 


is 
8 
& 
g 


to= 


TOTAL DOST {RADS) 


TOTAL, EXPECTED DOSE VERSUS RETENTION TIME 


250 MICRONS MEAN PARTICLE OLAMETER 100 MICRONS TISSUE DEPTH 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 10 ES SECONDS DELAY TIME 


io 5 


to ° 


RETENTION TIME (HOURS) 


Fisure 27 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


66 


TOTAL DOS (RADS) 


TOTAL EXPECTS) DOSE VERS YS RETENTION TIME 
500 MICRONS MEAN PARTICLE DIAMETER 100 MICRONS TISSUE DEPTH 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 10 £5 SECONOS DELAY TIME 
10 5 


19° 10! 107 


RETENTION TIME (HOURS) 


Figure 28 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


67 


TOTAL. DOSE (RADS) 


TOTAL EXPECTED DOSE VERSUS RETENTION TIME 
700 MICRONS MEAN PARTICLE DLaAMETER 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 


19! 1c@ 


RETENTION TIME (HOURS) 


Figure 29 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


68 


100 MICRONS TISSS DEPTH 


10 £5 SECONOS DELAY Time 


TOTAL DOSH (RADS) 


\N 
H 


TOTAL EXPECTED DOSE VERSUS RETENTION TINE 
1000 MICRONS MEAN PARTIC_& DIAMETER 100 MICRONS TISSUE DEPTH 


2000 MICRONS MAXIMUN PARTICLE DIAMETER 10 ES SECONOS DELAY TINE 
19 5 


to + 


i 
’ 
il 


10 = 


ic) 


io 


° 
° 
DEPOS 


we 


yo © 


10° 101 108 105 


RETENTION TIME (HOURS) 


Figure 30 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


69 


TOTAL. DOS (RADS) 


100 BICRONS 


1000 MICRONS 


TOTAL PECTED DOSE VERSUS RETENTION TIM& 


MEAN PARTIQLE DIAMETER 1900 MICRONS TISSUE DEPTH — 


MAXIMUM PARTICLE DIAMETER 10 £6 SECONDS DELAY TIME 


E 
g 
: 
: 
g 


RETENTION TIME (HOURS) 


Figure 31 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


70 


TOTAL DOSH (ROS) 


TOTAL EXPECTED DCS#@ VERSUS RETENTION TIM 
250 MICRONS MEAN PARTICLE DIAMETER 100 MICRONS TISSUE DEPTH 


1000 HICRONS MAXIMUM PARTICLE DIAMETER 10 £6 SECONCS DELAY TIME 
10 4 


190 > 


DENSITY (Mg/Se FT) 


-“ 
- 
— 
a 
: 


RETENTION TIME (HOURS) 


Figure 32 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


71 


TOTAL. DOS@ (RAODS) 


TOTAL &XPECTED DOSE VERSUS RETENTION TIME 


500 MICRONS MEAN PARTICLE DIAMETER 100 MICRONS TISSUE DEPTH 


1090 MICRONS MAXIMUM PARTICLE DIAMETER 


10% 


RETENTION TIME (HOURS) 


Figure 33 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


72 


10 B6 SECONDS DELAY TIME 


TOTAL Dos (RADS) 


TOTAL EXPECTED DOSE VERSUS RETENTION TIME 


7Q0 MICRONS MEAN PARTICLE CIANETER 100 MICRONS TISSUE DEPTH 


1TO0C MICRONS MAXIMUM PARTICLE DIAMETER 15 £6 SECONDS DELAY Tire 


RETENTION TIME (HOURS) 


Figure 34 


Beta Dose Delivered to the 
Skin by Multiparticle Failout 


73 


10> 


TOTAL. DOSm URADS) 


TOTAL EXPECTED DOS® VERSUS RETENTION TIME 


1000 MICRONS MEAN PARTICLE DIAMETER 1900 MICRONS TISSUE DEPTH 


2000 MICRONS MAXIMUM PARTIQO.E DIAMETER 10 &6 SECONDS DELAY Time 
4 i 


E 
: 
F 
j 
B 
g 
E 


RETENTION TIME ¢HOURS) 


Figure 35 
Bete Dose Delivered to the 
Skin by Moltiparticle Fallout 


7A 


TOTAL DOS {(RADS) 


10 > 


1o 2 


TOTAL EXPECTED DOSE VERSUS RETENTION TIME 
100 MICRONS MEAN PARTICLE DIAMETER 100 MICRONS TISSUE DEPTH 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 10 &? SECONDS DELAY TIME 


E 
§ 
: 
: 
g 


RETENTION TIME (HOURS) 


Figure 36 


ta Dose Delivered to the 
Skin by Multiparticle Fallout 


i) 


TOTAL. DOSE (RADS) 


TOTAL EXPECTED COSP VERSUS RETENTION TIME 
250 MICRONS MEAN PARTIOC.UZ DIAMETER 100 MICRONS TISSUE DEPTH 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 10 £7 SECONDS DELAY TIME 


. 
: 
g 
: 


RETENTION TIME CHOURS) 


Figure 37 


Beta Dose Delivered to the 
Skin by Multiparticle Fallout 


76 


TOTAL DOSE (RADS) 


TOTAL EXPECTED DOSE VERSUS RETENTION TIME 


S00 MICRONS MEAN PARTICLE OLAMETER 100 MICRONS TISSVE DEPTH 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 10 E? SECONDS DELAY TIME 


to > 


10 = 


to 1 


RETENTION TIME (HOURS) 


Figure 38 


Beta Dose Delivered to the 
Skin by Multiparticle Faliout 


77 


TOTA. DOSE (RADS) 


TOTAL @XPECTED DOSE VERSUS RETENTION TIME 
JOO MICRONS MEAN PARTICLE CIAMETER 100 MICRONS TISSUE DEPTH 


1000 MICRONS MAXIMUM PARTICLE DIAMETER 10 E? SECONDS DELAY TINE 
to 3 


200 


\\ 
, 
\ 


° 


10° 107 102 103 


RETENTION TIME (HOURS) 


Figure 39 


Beta Dose Delivered to the 
Skin by Multiperticle Fallout 


78 


TOTAL, DOSE: (RADS) 


MN 
N\ 
i 


TOTAL EXPECTED DOSE VERSUS -ETENTION TIME 


1000 MICRONS MEAN PARTICLE DIAMETER 100 MICRONS TISSUE DEPTH 
2000 MICRONS MAXIMUM PARTICLE GIAMETER 10 E7 SECONDS DELAY TIME 
3s oe 
10 
19 = 


tot 


SITIGe! CENSITY 


to"? 


109 101 10¢ 1055 


RETENTION TIME (HOURS) 


Figure 40 


Beta Tose Lelivered to the 
Skin by Multiperticle Fallout 


19 


(size distribution B) delivers a maximum of 300 rads only, 
even if retained over 100 hours. Other size distributions give 
intermediate doses. 


The situation changes somewhat at the next higher fall- 
Mas ‘ A 2 : 
out-arrival (delay) time, 10° seconds. 4 200 mg/ft” deposit of 
size distribution 4 can be tolerated in this case for about 


1.5 hours (Figure 21). 


After adelay of 10? seconds, a 2000 ng /ft* deposit of 
size distribution A gives the critical 570 reds in about 1.5 
hours (Figure 26); after a delay of 10° seconds (11.5 days) 
it takes 5000 mg/f+* of the same size distribution about ten 
hours to cause skin burns (Figure 31). By 10’ seconds it be- 
comes virtually impossible to cause skin damace (Figure 36). 


Other formulations of output date can be derived from 
the multinarticle dose computations. A few examples follow: 


Table 10 presents one formulation, the effect of expo- 
sure-initiation time (delay time) on the"Krevs" dose received 
by the skin from the same fallout deposition density. The 
Table presents doses delivered by two deposition densities, 
100 and 2000 me/ft®, in each case over 1, 2, 5, 10 and 24- 
hour exposure periods, al1 following delays of 24, 48, 72 and 
168 hours. Given also are the time periods for which fallout 
under these conditions would have to be retained before deli- 
very of 570 rads takes place if the exposure starts at 24, 48, 
72 and 168 hours post-detonatim. In toth parts of the Table, 
size-distribution A is assumed. 


Another tyve of output formulation that may be useful 
(not illustrated) would show the skin dose accumulated in one 
hour (as an example), starting at fallout arrival or some later 
time, as a function of distance from ground zero, for various 
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TABLE 20 (Cont'd) 


B. Fallout Devosition Density: 2000 ne/tt® : 
(=8 x 10° fissions/ft*) 


1. Doses Received 


Retention Exposure-Initiation Time 
Time 


(hours) 168h_ 


2. Retention Times Renuired to Accumulate 570 Rads 
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weapon yields. The figure could be odtained by combining the 
dose data of this reovort with the data of Clark and Cobbin (22) 
for example, the latter relating mid-range particle size to 
downwind distance from ground zero, for different weapon 
yields. It must be recognized that for a given weapon yield 
and downwind distance, fallout phenomenology, as exemplified 
by the Clark and Cobbin approach, specifies uniquely not only 
(1) the mid-range particle size, but also (2) the ground-sur- 
face deposition density and (3) the times of fallout arrival 
and cessation. The uniaue values of the deposition density and 
times of arrival end cessation would have to be comsidered in 
the preparation of a family of curves covering a range of 
weapon yields. Skin deposition density could be narameterized 
at, for example, 100 me/ft?, which would allow for considera- 
tion of fallout-particle resusvension, or simdly for normali- 
zation to the correct skin-depvosition value at each point. A 
carefully planned family of curves could thus provide a picture 
of those yields and downwind distances at which a l-hour ex- 
posure to rellout which starts to deposit on the skin at arri- 
val time,or later, would produce the critical skin dose of 

570 rad. Such kinds of results could be most useful in post- 
attack planning. 


83 


X. CONCLUSIONS AND RECOMMENDATIONS 


In this report the consequences of deposition of fallout 
particles on human sicin are evaluated. The calculations are 
based on dose-effects criteria provided by prior experimental 
work on the effect of skin exposure to particulate sources of 
beta rays. 


1. For a single-particle source a beta dose of 660 rads 
received at points on an equi-dose circle, 4000j.(4 mm) in 
radius and 100p4 below the skin surface, causes a2 1 mm diameter 
ulcer. This ulcer size, small enough to be considered a thresh- 
old indicator, yet large enough to be easily observable, is 
therefore taken as the "threshold" for "noticeable" skin damage. 
For a multiparticle source, with overlapping radiation fields, 
the equivalent effect is produced by a uniform dose field of 
570 rads at the germinal-layer level (100 deep in tissue). 


2. On the basis of (1) the criterion that 660 rads con- 
stitute the threshold for producing noticeable local damage to 
the skin (beta burn), and (2) the assumption that fallout has 
a fission density of 10/7 fissions per cubic centimeter, it is 
not expected that single fallout particles less than 500min 
diameter would deliver sufficient beta dose to cause such dan- 
age even if they deposit on the skin as early as 10° seconds 
{16.7 minutes) after detonation. The corresponding mininum de- 
lay in arrival for a 750mparticle is about two hours, while for 
a 1000p particle it is about three hours. These time estimates 
are based on experimentally determined “expected” particle 
residence times on the skin. However, after a 24-hour arrival 
delay it is extrenely wilikely that any single particle will 
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cause a beta burn, even for particle residence times fer greater 
than the expected values. 


ie A group of particles deposited on the skin, but separ~ 
ated in geometry such that their dose deliveries at any point in 
the plane of the germinal layer do not interact appreciably, can 
be viewed as a collection of independent single particles. On 
the other hand, multipnle-narticle deposition denotes a situation 
in which particles are sufficiently close so that their collective 
dose delivery at any particular point in the germinal layer is 
appreciably higher than that, at the same point, trom any one 
particle. 


As In locai Tallout, fractionation causes 2 decrease in 
particle dose delivery. Particles of the same size, containing 
fission products resulting from the same number of equivalent 
fissions (estimated from their content of refractory fission pro- 
ducts), may deliver beta doses over a range of a factor of 2, the 
differences depending on the degree of fractionation of their 
Tission-product wixsures. 


5. Based on limited calculations (for 100s-dianeter 
particles only), it was concluded that gamma doses from fallout 
particies constitute a small fraction (about 5% in the cases con- 
sidered) of the total dose delivered by the particles to the skin. 
For larger particles, the Y-to-8 dose ratios are expected to be 
higher. More work is needed, however, if auantitative values of 
the dose ratios are desired for the whole spectrum of fallout- 
particle sige. 


6. Multiparticle deposition can be represented by two 
models: (1) a simple, but gross, model in which the radio- 
active source is treated as a uniform plane source; and (2) a 
more realistic model in which the source retains its particulate 
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configuration but the geometry is idealized into an overlay 
(superimposed) structure cf arrays. Each array is composed 

of equal-size fallout particles located at the corners of 
Square wnit-cells, whose dimensions depend on the fallout de- 
position density for the particle-size class in question. All 
wmultiparticle source calculations in this report were based on 
the pore realistic particle-array model. Some dose comparisons 
were made with sample results based on the uniform-plane-source 
model - 


7. For the same fallout deposition density, the plane-~ 
source model yielded dose values higher by a minimum of 400% 
than those from the particulate (array) model. The discrepancy 
becomes greater as the mean fallout-particle size becomes larger. 


8. Based on the results of the particulate (array) model, 
the main determinations and conclusions regarding skin exposure 
to multiparticle fallout can be summarized as follows: 


a. Because skin beta doses from fallout are func- 
tions of several parameters or conditions, including weapon type, 
weapon yield, fission density, particle-size distribution, type 
of soil on which the weapon is detonated, delay time, skin dépo- 
sition density, and atmospheric conditions (which affect parti- 
cle residence time on the skin), it was obviously not possible 
tc calculate the doses for all possible combinations of these 
parameters or conditions and to obtain, as one ideally should, 
an envelope of situations under which fallout beta dose repre- 
gents a threat. Rather, calculations were carried out for a 
representative number of cases chosen to sample as much of the 
overall spectrum of situations as possible. 


Dd. Dose delivery is strongly affected by the size 
a@istribution of the varticles. For example, on the assurption 
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that fallout (of all particle sizes) remains on the skin for 

10 hours, the calculations show that al gn/f+* deposit in which 
the mean particl. diameter is 10Qu and the maxinum is 10004 
would cause beta burns even if the fallout arrives as late as 

3 days after detonation . However, if the mean particle size is 
LOOOQm and the maxinum is 20004, the same deposit would be incap~ 
able of producing a beta burn if it settles on the skin later 
than about 17 hours post detonation. Intermediate size distri- 
butions have liniting arrival times between these two extremes. 


c. 4 similar subset of values can be obtained for 
other deposition densities. Further, if any assumption concern- 
ing the fallout activity, deposition density or residence time 
is changed, a totally new set of arrival times is obtained. 


The main point that should be made here is that the 
paranetric approach followed in this report provides a numeri- 
cal base that can, with a little manipulation, supply the user 
with the answers he needs if he is willing to state a particular 
set of assumptions that would be acceptable to him and adequate 
for his purpose. 


3. Several of the existing fallout models supply unique 
combinations of values for fallout arrival time, deposition 
density, particle-size distribution, and specific activity 
(fission density). These values can be used as inputs to the 
single-or multiple-particle beta-dose models (as the situation 
may demand) to predict beta-dose contours. Such contours should 
be helpful in casualty assessment and post-attack planning. I+ 
is recommended that such a program be undertaken. 


ca é - P = - 
There is no implication here that this would be a realistic 
combination of parameters. 


87 


10. It is recommended also that studies be initiated to 
answer the following questions and cthers in the same category 
of interest to civil defense planning: 


a. Is it possible to produce beta burns in the feet, 
through standing or walking in @ contaminated area, under condi- 
tions where the whole-body gamma dose would not be significant? 


b. If the answer to a. is positive, umdier what cir- 
cumstances would the beta exposure be the limiting factor? 


c. What are the expected beta-dose deliveries to 
cattle and sheep? Can these predicted doses be coupled to the 
results of the ongoing OCD-sponsored experimental work on beta 
effects on animals, to yield cattle- and sheep-casualty assess- 
nents? 


It is felt that the true value of the experimental 
work on the effects or beta zxposure on plants and animals cannot 
be realized unless it leads to credible evaluations of the ex- 
pected losses in the U. 5. inventory of these important resources 
in the immediate post~-attack era. It is believed that the multi- 
particle TDD model can supply the required linkage between ex- 
perimental biology and fallout models, the combination of which 
is mandatory for plausible casualty appraisals. Confirmation 
of the validity of the TDD model vredictions by the experimental 
(physics) program described in an early section of this report 
provides a fi:0 basis for confidence in the calculational 
approach. 
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+3 ABSTBaCT 2 . 
Absorbed bet2-radiation expected from fallout particles deposited on the skin 


was estimated dy =se of pa : Transmission, Degradation end Dissipation (TDD) model 
and a Condensed-SNate Titfus enecparrentes model tnat describes the mechenism of fise 

aeprofuct absorption nm tallou A fissicn density of “S issions per cubic 
nenktoster or fallout material was assumed. Comparison of computed Goses with the 
most recent experimental data relative to skin response to beta-energ; deposition 
leais to the conclusion that even for fellout errival times as early as 197 seconds 
(26.7 mimutes poest-detonation), ne skin ulceration is expected from single particles 
500 micron or less in diameter. 

Doses were estimated for a limited number of particulate sources containing frac- 
ticnated fission=product mixtures. Results indicate that extreme fractionation would 
cut down the beta dose oy @ factor of two. 

Absorbed gamma doses caleuleted for one particle size (100 1) show ea beta-to-gamnal 
ratio of ebout 15. Dose ratio for larger perticle sizes will be smeller. 

Doses from arrays of fallout particles of different size distributions were com- 
puted, also, for several Tallout mass deposition densities; time intervals required to 
accumulate doses sufficient to initiate skin lesions were calculated. 

These times Gepend strongly on the essumed Tallout-particle-size distribution. 
Nepesition densities in excess of 100 mg ver squere foet of the skin will cause beta 
burns if fallout errival time is less tnan about three hours, unless the particles are 
relatively coarse (mean particle diameter more than 250 )}:). 
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